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Antioxidant Constituents from Pinus massoniana ( Pinaceae) 


ZHANG Yu-Mei' , GONG Qing-Fang'”, YANG Jia-Qian'^ , ZENG Guang-Zhi' , TAN Ning-Hua' " 


(1 State Key Laboratory of Phytochemistry and. Plant Resources in West China, Kunming Institute of Botany , 
Chinese Academy of Sciences, Kunming 650201, China; 2 Hunan Normal University , 
Changsha 410081, China; 3 Hainan University, Haikou 570228 , China) 


Abstract; Twenty one known compounds were isolated from the twigs of Pinus massoniana. Their structures were 
elucidated as 7, 13, 15-abietatrien-18-oic acid (1) , 12-methoxy-7 , 13-abietadien-18-oic acid (2) , 15-methoxy-7 , 
13-abietadien-18-oic acid methyl ester (3) , 12-hydroxydehydroabietic acid (4), dehydroabietic acid (5), 15- 
hydroxydehydroabietic acid methyl ester (6) , 38-methoxyserrat-14-en-21-one (7) , 38-methoxy-30-hydroxyserrat- 
14-en-21-one (8), f-sitosterol (9), (+)-pinoresinol (10), (+)-matairesinol (11), ( —)-nortrachelogenin 
(12) , balanophonin (13) , cedrusin (14) , pinocembin (15) , 5-methoxypinosylvin (16) , pinosylvin (17) , 1, 2- 
bis-( 4-hydroxy-3-methoxyphenyl) -propane-1 , 3-diol (18) , cleistophostaudin (19) , lignoceryl ferulate (20) and 
coniferaldehyde (21). Compounds 12, 14, 18 and 21 showed antioxidant activities on DPPH assay with ЕС, values 
of 11.36, 6.76, 14.07, and 13.33 + mL'! , respectively. Compounds 2-4, 6-8, 10, 11, 13 and 15-21 were 
isolated from this plant for the first time. 


Key words: Pinus massoniana; Chemical constituents; Antioxidant activity 
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Pinus massoniana Lamb. belongs to the family 
of Pinaceae and is widely distributed in China. Its 
pollen and nodular branch are used as two traditional 
Chinese medicines, which can be used to treat trau- 
matic hemorrhage, eczema, sprain and strain ( Chi- 
nese Pharmacopoeia Commission, 2010). Previous 
investigations on P. massoniana led to the isolation 
of a series of lignans, flavones and diterpenoids 
( Feng et al., 2004; Bi et al., 2002; Shen and The- 
ander, 1985; Wang et al., 2008; Yang et al., 
2010) , and the discovery of some anti-tumor diter- 
penes (Tanaka et al., 2008) and some antioxidant 
extracts (Pan et al., 2009). For the recent resear- 
ches revealed that the occurrence of some chronic 
diseases such as cancer, cardiovascular disease and 
diabetes were main caused by oxidative stress, 
therefore antioxidant compounds might provide us 
some different insights for treating these severe dis- 
eases. In this paper, we report the isolation and 
structural elucidation of 21 known compounds from 


its twigs with the antioxidant activities. 


Experimental 

General 'H-NMR, "C-NMR and 2D-NMR spec- 
tra were recorded on a Bruker AM-400 and a DRX- 
500 NMR spectrometer with TMS as internal stand- 
ard. MS data were obtained on a VG Autospec-3000 
spectrometer. HPLC separations were performed on 
a HP 1100 apparatus equipped with a diode array 
UV detector and ZORBAX SB-C18 (9. 4x250 mm) 
column. Column chromatographies were performed 
on silica gel (200 – 300 mesh, Qingdao Marine 
Chemical Inc. China) , Lichroprep RP-18 gel (40- 
63 um, Merck, Dramstadt, Germany) and Sephadex 
LH-20 (25-100 wm, Merck, Germany). Thin layer 
chromatograph (TLC) was carried out on silica gel 60 
К оп glass plates (Qingdao Marine Chemical Inc. 
China) using various solvent systems. 

Plant material Тһе twigs of Pinus massoniana 
Lamb. were collected from Kunming, Yunnan Prov- 


ince, China in August 2006 and identified by Asso- 


ciate Prof. Yue Zhongshu at Kunming Institute of 


Botany, Chinese Academy of Sciences. 

Extraction and isolation The 20.0 kg dried 
and powdered twigs of P. massoniana were extracted 
with MeOH for three times under room temperature 
and then concentrated under reduced pressure. The 
concentrated MeOH extract was dissolved in water 
and extracted with petroleum ether, ethyl acetate and 
n-butanol, respectively. The petroleum ether, ethyl 
acetate and n-butanol extracts were respectively puri- 
fied by CC (silica gel, petroleum ether/acetone (1:0 
-0:1), CHCL/MeOH (9:1-0: 1) mixtures of in- 
creasing polarity) ; Sephadex LH-20 column ( СНСЬ/ 
MeOH 1:1) ; RP-18 column ( H,0/MeOH 9: 1-0: 
1) and then HPLC ( Agilent SB-C18 preparation 
column, H,O/MeOH mixtures of increasing polarity 


(9:1-0:1), to give compounds 1—21 (Fig. 1). 


Results and discussion 

7, 13, 15-Abietatrien-18-oic acid (1). Color- 
less oil, C, H4, 0,; EI-MS m/z; 300 [M]*; 'H- 
NMR (CDCI, , 500 MHz) : 8,6.15 (ІН, s, H-14), 
5.58 (1H, br.s, H7), 5.03 (ІН, s, H-16a), 
4.91 (1H, s, H-16b) , 1.92 (ЗН, s, H-17) , 1.26 
(ЗН, s, Н-19), 0.83 (ЗН, s, H-20); "C-NMR 
(CDCI, , 100 MHz) ; 8, 184.6 ( C-18) , 143.2 ( C- 
13), 136.3 (C-15), 135. 8 (C-8), 126.9 (C- 
14), 124.6 (C-7), 111.2 (C-16) , 50.2 (C9), 
46.2 (CA, 44.7 (С-5), 38.1 (С-1), 37.1 (С- 
3), 34.4 (С-10), 26.1 (С-11), 26.0 (C-6), 
22.0 (С-12), 20.5 (С-17), 18.0 (C-2), 1677 
(С-19), 14.0 (C-20). (Cheung et al., 1993). 

12-Methoxy-7 ,13-abietadien-18-oic acid (2). 
White powder, С, H4,0,; EI-MS m/z; 332 [M]*; 
'H-NMR (CDCI, , 500 MHz) ; 5, 5.84 (1H, s, H- 
14), 5.48 (ІН, t, J=2.5 Hz, H-7), 3.79 (1H, 
t, J=2.5 Hz, H-12) , 3.36 (ЗН, s, H-OMe), 1.23 
(ЗН, s, H-19), 1.07 (ЗН, d, J=6.9 Hz, H- 
16), 1.03 (3H, d, J=6.9 Hz, H-17), 0. 80 
(ЗН, s, H-20) ; °C-NMR (CDCI,, 100 MHz) : ô. 
183.9 (C-18), 142. 1 (C-13), 134. 5 (C-8), 
126.1 (C-14) , 123.9 (C-7) , 75.5 (C-12) , 56.3 
(OMe), 46.2 (C4) , 44.7 (C-5), 43.6 (C9), 
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37.9 (C1), 37.0 (C3), 33.9 (С-10), 32. 6 
(С-15), 25. 7 (С-11), 24. 8(C-6), 22.2 (C- 
16), 21.5 (C-17), 18.0 (C2), 16.6 (C-19) , 
14.3 (C-20). (Narayanan and Bhadane , 1968). 
15-Methoxy-7 , 13-abietadien-18-oic acid meth- 
yl ester (3). White crystals, Cj4,H4,0,; EI-MS m/ 
z: 345 [M-H]*; 'H-NMR (CDCL , 400 MHz) : 6, 
5.95 (ІН, d, /=2.0 Hz, H-14) , 5.47 (ІН, br. 
s, H-7), 3.64 (ЗН, s, H-OMe (15)), 3. 02 





i О 
7 
DH MeO, 3 1% OR 


(3H, s, H-OMe (18)), 1.29 (3H, s, H-I7), 
1.27 (ЗН, s, H-16), 1.26 (ЗН, s, H-19) , 0.82 
(ЗН, s, H20);" C-NMR (CDCL, 100 MHz): 5, 
179. 0 (C-18) , 141.6 (C-13) , 135.2 (C-8) , 126.2 
(C-14) , 123.1 (С-7), 77.0 (C-15) , 51.9 ( OMe- 
15), 50.9 (C-9), 50.4 (OMe-18), 46.5 (C4), 
45.0 (C-5), 38.3 (C-1), 37.1 (C-3), 34.5 (C-10), 
26.4 (C-16), 25.8 (С-11), 24.8 (C46), 23.8 
(C-17) , 22.4 (C-12), 18.1 (C2), 17.0 (C-19), 


OH 


HO 


21 


uo M, 20 
19 REED 
v 


20 R= ЖТС 


Fig.1 The structures of compounds 1-21 
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14.0 (C-20). (Ohmoto et al., 1987). 
12-hydroxydehydroabietic acid (4). White 
powder, C4, H4, 0,; EI-MS m/z: 316 [M]*; 'Н- 
NMR ( CDCl,, 400 MHz); 8, 6. 83 (ІН, s, H- 
14), 6.62 (1H, s, H-11) , 1.27 (3H, s, H-19), 
1.20 (3H, s, H20) , 1.24 (3H, d, J=7.0 Hz, 
H-16), 1.22 (3H, d, 757,0 Hz, Н-17); ?С- 
NMR (CDCL,, 100 MHz) : 8, 185. 1 (C-18) , 150.7 
(612), 147.7 (CS), 131.7 (С-13), 127.0 
(C-14) , 126.7 (С-8), 110.8 (С-11), 47.4 (C- 
4), 44.5 (C-5), 37.9 (C-1), 36.8 (C-10) , 36.7 
(C-3), 29.3 (C-7), 26.8 (C-15), 25.0 (C- 
20), 22.8 (046), 22.5 (C47), 21,9 (C6), 
18.5 (C22), 16.2 (C-19). (Kinouchi et al., 2000). 
Dehydroabietic acid (5). White powder, C,, 
H,,0,; EI-MS m/z; 300 [M]*; 'H-NMR (CDCL, 
400 MHz) ; 5, 7.16 (1H, d, /=8.1 Hz, H-11), 
6.99 (1H, d, /=8.1 Hz, H-12), 6.88 (1H, s, 
H-14) , 1.27 (3H, s, H-19) , 1.23 (3H, s, H- 
20), 1.22 (6H, d, J=6.4 Hz, H-16, 17); ^C- 
NMR (CDCL,, 100 MHz) : à, 184. 1 (С-18), 146.6 
(€-13) , 145.6 (С-9), 134.6 (C-8) , 126.8 (C- 
14), 194.0 (С-11), 123.8 (O42), 47.3 (С- 
4), 44.5 (С-5),37.8 (C-1), 36.7 (С-10), 36.6 
(€-3), 33.3 (C-15), 29.9 (C-7), 25.0 (C20), 
23.9 (C-16, 17) , 21.6 (C-6), 18.4 (C2) , 16.1 
(C-19). (Fraga et al., 1994). 
15-Hydroxydehydroabietic acid methyl ester 
(6). White crystals, C, H4,0,; EI-MS m/z; 330 
[M]*; 'H-NMR (CDCL, 500 MHz): 8, 7.15 
(1H, s, H-14), 7. 22 (2H, overlapped, H-11, 
12), 3.66 (3H, s, H-0Me), 1.55 (6H, s, H- 
16, 17), 1.27 (1H, s, H-19) , 1.21 (3H, s, H- 
20); C-NMR (CDCI, 125 MHz): 8, 179.1 (C- 
18), 147.9 (C-13), 146.0 (C9), 134.7 (C- 
8), 124.9 (C14), 124.2 (С-11), 122.0 (€: 
12), 72.3 (С-15), 52.0 (OMe), 47.6 (C4), 
44.8 (C-5), 37.9 (С-1), 37.0 (C-10), 36.6 
(С-3), 31.6 (C-16, 17), 30.1 (C-7), 25.1 (C- 
20), 21.7 (C-6), 18. 5 (C2), 16. 5 (C-19). 
(Cheung et al. , 1993). 
3B8-Methoxyserrat-14-en-21-one (7). Color- 


less crystals, C4, НО»; EI-MS m/z; 454 [M]*; 
"H-NMR (CDCL , 500 MHz) : 6,5.36 (ІН, br.s, 
H-15), 3.35 (3H, s, H-OMe), 2.75 (2H, m, 
H-20) , 2.60 (1H, J=11.8, 4.0 Hz, H-3), 1.07 
(3H, s, H-30), 1.02 (ЗН, s, H29), 0.94 (3H, 
s, Н-23), 0.90 (3H, s, H28), 0.81 (3H, s, 
H25). 0.78 (3H, s, Н25), 0.73 (3H, s, H- 
24); C-NMR (CDCI , 100 MHz); 6, 216.7 (C- 
21), 138.1 (C-14), 121. 6 (C-15), 88. 1 (C- 
3), 62.5 (С-9), 57.2 (OMe), 56.2 (С-5), 56.0 
(С-13), 55.6 (C27), 50.9 (С-17), 47.4 (С- 
22), 44.9 (С-7), 38.6 (C-4), 38.2 (C-1) , 38.1 
(C20), 37.9 (C-10), 36.8 (C-8), 35.9 (C- 
18), 34.5 (C-19) 27.9 (C23) , 26.9 (C12), 
25.2 (C-11), 24.2 (C-16, 29), 22.1 (C2), 
21.3 (C330), 19.5 (C26), 18. 5 (C6), 15.9 
(C24), 15.4 (С-25), 12,7 (C28). (Tanaka et 
al., 1994). 

ЗВ -Methoxy -30-hydroxyserrat-14-en-21-one 
(8). Colorless crystals, С, H4, O,; EI-MS m/z: 
471 [M+H]*; 'H-NMR (CDCL, 400 MHz): à, 
5.34 (1H, br.s, Н-15), 4.02 (1H, d, /=11.0 
Hz, H-30a) , 3.59 (1H, d, J=11.0 Hz, H-30b), 
3.35 (3H, s, H-OMe), 1.17 (3H, s, H-29), 0.95 
(3H, s, H23), 0.87 (3H, s, H28), 0.84 (3H, 
s, H-26), 0.80 (3H, s, H25), 0.74 (3H, s, 
H-24); C-NMR (CDCL, 100 MHz): 6, 216. 8 
(C-21), 138.5 (C-14), 121.7 (C-15), 88.4 (C- 
3), 65.8 (C-30), 62.7 (C-9), 57.5 (OMe), 
56.2 (С-5), 56.1 (C-13), 55.8 (C-27), 53.1 
(02253. 52.2 0047), 45.1 (С-7), 38.9 (С- 
4), 38.4 (C-1), 38.2 (C20) , 37.1 (C-8, 10), 
36.1 (C-18), 35.4 (C-19) , 28.1 (C23) , 27.2 
(0425, 25.7 (С-11), 24.6 (С-16), 22.3 (С- 
2), 20.7 (0:20), 19.8 (0:26), 18.7 (C4), 
16.2 (C-24) , 15.7 (С-25), 13.7 (С-28). (Fang 
et al., 1991). 

B-Sitosterol (9). Colorless crystals. The К, value 
was consistent with that of the authentic sample on TLC. 

(+)-Pinoresinol (10). Colorless oil, С„ Н» 
0,; EI-MS m/z; 358 [ M]*; 'H-NMR (CDCL, 
400 MHz) : ô 6.89 (4H, overlapped, H-2, 2', 5, 
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5’), 6.82 (2H, dd, J=8.1, 1.8 Hz, H-6, 6’), 
4.74 (2H, d, /=4.3 Hz, H-7, 7’), 4.25 (2H, 
dd, J=9.2, 6.9 Hz, H-9a, 9a’), 3.91 (6H, s, 
H-OMe), 3.88 (2H, dd, J=9.2, 3.7 Hz, H-9b, 
9b’) , 3.11 (2H, m, H-8, 8’); C-NMR (CDCL, 
100 MHz): б 146. 7 (C-3, 3"), 145.2 (C4, 
4’), 132.9 (C-1, 1’), 118.9 (C6, 6’), 114.2 
(C-5, 5’), 108.6 (C2, 2’), 85.9 (C7, 7’), 
71.6 (C-9, 9"), 55.9 (27 OMe) , 54.1 (C-8, 8^). 
(Guz and Stermitz, 2000). 

(+) Matairesinol (11). Colorless oil, C, E, 
О; Negative FAB-MS m/z: 357 [ M-H]' ; 'H-NMR 
( CDCL, , 500 MHz) : 6,6.82 (ІН, d, J=7.7 Hz, 
H-5'), 6.79 (ІН, d, J=8.0 Hz, H-5), 6.59 
(2H, overlappped, H-2', 6’) , 6.50 (1H, dd, J= 
8.0, 1.9 Hz, H-6), 6.41 (1H, d, J=1.9 Hz, 
H2), 2.56 (4H, overlapped, H-7, 8, 8'), 4.15 
(ІН, dd, /=9. 1, 7.2 Hz, H-9b), 3.88 (ІН, 
dd, J29.1, 7.2 Hz, H-9a), 3.81 (ЗН, s, H- 
OMe) , 3.80 (ЗН, s, H-OMe) , 2.91 (2H, m, H- 
7'a, T'b) ; C-NMR (CDCL, 125 MHz) ; ô. 178.9 
(С-9'), 146.6 (C-3'), 146.5 (С-3), 144.4 (C- 
4'), 144.3 (C4), 129.7 (C-1'), 129.4 (C-1) , 
121.2 (C-6), 121.9 (C-6)), 114.3 (С-5'), 
114.0 (C5), 111.4 (С-2'), 110.9 (C2) , 71.3 
(С-9), 55.7 (2 * OMe), 46.4 (С-8'), 40.9 (C-8), 
38.1 (C-7) , 34.4 (C-7’). (Fonseca et al., 1978). 

( -)-Nortrachelogenin (12). Colorless oil, 
С» Hj, О,; EI-MS m/z; 374 [M]*; 'H-NMR 
( CDCL, , 500 MHz): ô 6.80 (ІН, d, J=1.9 Hz, 
H2), 6.76 (ІН, d, 28. 0 Hz, H-5), 6.75 
(1H, d, J=1.9 Hz, H-2’), 6.74 (ІН, d, J-8.0 
Hz, H-5'), 6.68 (ІН, dd, /=8. 0, 1.9 Hz, H- 
6), 6.63 (ІН, dd, J=8.0, 1.9 Hz, Н-6'), 3.98 
(2H, dd, J=8.1, 2. 7 Hz, H-9'),3.80 (ЗН, s, 
H-OMe) , 3.76 (3H, s, H-OMe), 3.13 (1H, d, 
J=3.6 Hz, H-7b), 2.93 (ІН, d, J=13.6 Hz, 
H-7a) , 2.81 (ІН, m, Н-7'Ь), 2.54 (ІН, m, H- 
8'),2.50 (IH, m, H-7'a) ; "C-NMR (CDCL, 
125 MHz) : 6,178.7 (C-9), 148.0 (С-З), 148.2 
(С-3'), 145.8 (C4), 146.3 (C4’), 131.4 (C- 
1’), 127.7 (C-1), 123.8 (С-6'), 121.9 (C6), 


115.6 (C-5) , 115.7 (С-5'), 113.1 (C2) , 114.6 
(C2'), 70.8 (С-9'), 56.2(2 * OMe) , 76.8 (C- 
8), 44.1 (C8), 31.8 (C7), 41. 5 (C7). 
( Achenbach et al., 1983). 

Balanophonin (13). Colorless oil, C4,H5,0, ; 
EI-MS m/z; 356 [M]*; 'H-NMR (CDCI, 500 
MHz) : 0,9.64 (ІН, d, J=7.7 Hz, Н-9'), 7.41 
(1H, d, J=15.8 Hz, H-7’), 7.26 (1H, br.s, 
Н-5),7.13 (1H, s, H-6'), 7.03 (1H, s, H- 
2'), 6.60 (1H, dd, J=15.8, 7.7 Hz, Н-8'), 6.89 
(2H, s, H2, 6), 3.98 (2H, m, H9), 3.93 
(ЗН, s, H-OMe), 3.86 (ЗН, s, H-OMe), 3.69 
(2H, overlapped, H-7, 8); "C-NMR (CDCL, 
125 MHz); 8, 193.5 (C-9') , 153.0 (С-7'), 151.5 
(С-4'), 146.7 (C3) , 146.0 (C4) , 144.8 (C- 
3’), 132.2 (C-1), 129.1 (C-5'), 128.2 (С- 
1’), 126.5 (C-8'), 119.4 (C-6), 118. 1 ( C- 
6'), 114.5 (С-5), 112.3 (C2), 108.7 (C2), 
89.0 (C-7), 63.9 (C9), 56.1 (OMe), 56.0 
(OMe), 53.0 (C-8). (Sy et al., 1999). 

Cedrusin (14). Colorless oil, C,,H,,0,; ElI- 
MS m/z; 346 [M]'; 'H-NMR (CDCL, 400 
MHz) : 8,7.04 (1H, d, J=1.8 Hz, H-2), 6.88 
(1H, dd, J=8.1, 1.8 Hz, H-6), 6.80 (1H, d, 
J=8.1 Hz, Н-5), 6.62 (ІН, br.s, H-2’), 6.60 
(ІН, br. s, H-6'), 5.49 (ІН, d, /=6.6 Hz, H- 
7), 3.80 (3H, s, H-0Me), 3.76 (2H, m, H- 
9), 3.55 (3H, overlapped, H-8, 9'), 2.54 (2H, 
t, J=7.7 Hz, Н-7'), 1.76 (2H, m, H-8’); ?C- 
NMR ( CDCI, , 100 MHz) : 8, 148.2 (C-3) , 147.1 
(C4), 145.9 (C-4’), 141.5 (C37) , 136.2 (C- 
555. 134.6 (C-1), 129.7 (С-1'), 119.5 (С-6), 
116.7 (C-2'), 116.3 (С-5), 115.6 005^), 
110.4 (C2), 88.0 (C-7), 64.7 (C9), 61.8 
(С-9'), 56.2 (OMe), 55.2 (C-8), 35.8 (C-7’), 
32.4 (C-8'). (Agrawal et al., 1983). 

Pinocembin (15). Yellow powder, C,,H,,0,; 
EI-MS m/z; 256 [M]*; 'H-NMR (CDCL, 500 
MHz): 8,7.34 (5H, m, H2' -6'), 5.93 (2H, 
overlapped, H-6, 8), 5.35 (1H, dd, J=13.0, 3.0 
Hz, H2), 3.01 (1H, dd, J=17.2, 13.0 Hz, H- 
3a), 2.73 (1H, dd, J=17.2, 3.0 Hz, H-3b); 
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"C-NMR (CDCL, 125 MHz); 6, 195.5 (C4), 
166.7 (C-5) , 163.7 (С-7), 162.9 (C-9) , 138.3 
(С-1'), 128.6 (С-3' ~5’), 125.9 (C2', 6’), 
102.2 (C-10), 96.3 (C-8), 95.5 (C6), 78.9 
(€-2), 43.1 (C-3). (Tanaka et al., 1985). 
5-Methoxypinosylvin (16). Colorless liquid, 
C,,H,,0,; EI-MS m/z; 226 [M]*; 'H-NMR (CD, 
OD, 400 MHz): 64, 7.50 (2H, d, J2 7.6 Hz, H- 
2',6'), 7.36 (2H, t, J=7.6 Hz, H-3’, 5), 7.28 
(1H, t, J=7.3 Hz, H-4'), 7.06 (ІН, d, J=16.2 
Hz, H-a), 7.00 (ІН, d, /=16.2 Hz, H-b), 6.67 
(1H, s, H-6), 6.63 (1H, s, H2), 6.38 (1H, 
br.s, H4), 3. 82 (ЗН, s, H-OMe); “C-NMR 
(CD4,OD, 100 MHz) : 6,161.0 (С-5), 156.8 (C- 
3), 139.7 (C-1), 137.0 (C-1'), 129.4 (C-a), 
128.6 (C2', 6’), 128.3 (C4), 127. 7 (C-b), 
126.6 (С-3', 5’), 106.0 (C-6), 105.0 (C2), 
101.0 (C4), 55.4 (OMe). (Fang et al., 1988). 

Pinosylvin (17). Colorless crystals, C,, Hj, 
O,; EI-MS m/z; 212 | M]*; ' H-NMR ( Acetone-d , 
400 MHz): 6, 7. 56 (2H, d, J2 7.3 Hz, H2', 
6'), 7.35 (2H, t, J=7.6 Hz, H-3’, 5’), 7.24 
(1H, m, H4’), 7.09 (2H, s, H-a, b), 6.58 
(2H, d, J=2.1 Hz, H2, 6), 6.30 (1H, d, J= 
2.1 Hz, H4); “C-NMR ( Acetone-d, 100 MHz): 
6, 159.6 (C-3,5), 140.3 (C-1), 138.3 (C-1’), 
129.7 (C-a), 129.5 (С-3', 5’), 129.1(C-b), 
128.3 (С-4'), 127.3 (€2', 6’), 106.0 (C2, 
6), 103.2 (C-4). (Schultz et al., 1992). 

1, 2-Bis-( 4-hydroxy-3-methoxyphenyl) -pro- 
pane-1, 3-diol (18). Amorphours powder, СН» 
О; Negative FAB-MS m/z; 319 [М-Н |7; 'Н- 
NMR ( Acetone-d , 500 MHz) : ô 6.66 (6H, over- 
lappped, H-2, 2, 5,5’, 6, 6’), 5.02 (ІН, d, J 
=4.0 Hz, H-a), 3.69 (2H, m, H-y), 3. 68 
(ЗН, s, Н-ОМе), 3.67 (3H, s, H-OMe), 2.94 
(1H, m, H-B); "C-NMR ( Acetone-d, 100 
MHz): б 147. 6 (C3), 147. 5 (C3), 146. 1 
(C4), 145.9 (C4’), 136.5 (C-1) , 132.2 (C- 
1’), 123.0 (С-6'), 119.9 (C6), 115.2 (C- 
5’), 115.0 (C-5), 114.7 (С-2'), 111.1 (C2), 
74.8 (C-a), 64.4 (C-y), 56.1 (C48), 56. 1 


(OMe), 56.0 (OMe). (Miki et al., 1980). 

Cleistophostaudin (19). Colorless oil, C,, 
H,,0,; EI-MS m/z; 330 [M]*; 'H-NMR (CDCL, 
500 MHz) : 8, 7.60 (ІН, d, J=15.9 Hz, H7), 
7.08 (ІН, dd, J=8.1, 1. 7 Hz, H6), 7.04 
(1H, d, J21.7 Hz, H2), 6.91 (1H, d, J-8.1 
Hz, Н-5), 6.32 (ІН, d, J=15.9 Hz, H-8) , 3.92 
(ЗН, s, H-0Me) , 0.94 (ЗН, s, H-10’), 0. 89 
(ЗН, s, H-9’), 0.88 (ЗН, s, H-8’); "C-NMR 
(CDCL, 125 MHz): 8, 167.6 (С-9), 147.8 ( C- 
3), 146.9 (C4), 144.3 (67), 127.0 (С-1), 
123.0 (С-6), 116.2 (C-8), 114.7 (С-5), 109.3 
(C2), 79.8 (€-5'), 55.9 (OMe), 48.9 (C- 
1’), 47.8 (C-7'), 45.0 (C4), 36.9 (C-6’), 
28.0 (C-3'), 27.3 (C-2'), 19.7 (C-8'), 18.9 
(C-9'), 13.5 (C-10'). (Tane et al., 1998). 

Lignoceryl ferulate (20). White powder, Су 
H4 0,; EI-MS m/z; 531 [M+H]*; 'H-NMR 
(CDCL,, 400 MHz): 6, 7.67 (1H, d, /=15.9 
Hz, H-7), 7.13 (1H, dd, J=8.2, 1.8 Hz, H- 
6), 7.10 (1H, d, J=1.8 Hz, H2), 6.98 (1H, 
d, J=8.1 Hz, H-5), 6.36 (1H, d, J=15.9 Hz, 
H-8), 4.00 (3H, s, H-0Me), 0.94 (ЗН, t, J= 
6.6 Hz, H24') ; ^C-NMR (CDCL, 100 MHz); 
6, 167.4 (C9), 147.9 (C33), 146.7 (CA), 
144.6 (C-7), 127.0 (C-1) , 123.0 (С-6), 115.7 
(С-8), 114. 7 (C-5), 109.2 (C-2), 64.6(C- 
1'), 55.9 (OMe), 31.9 (C-2'), 29.7 ~ 28.7 
(C4' ~22') , 26.0 (C-3'), 22.7 (C-23'), 14.1 
(С-24'). (Li et al., 2000). 

Coniferaldehyde (21). White crystals, Cj, Hio 
0,; EI-MS m/z; 178 [M]*; 'H-NMR (CDCL, , 400 
MHz) : 8,9.66 (1H, d, J=7.7 Hz, H9), 7. 42 
(1H, d, J=15.8 Hz, Н-7), 6.61 (1H, dd, J=15.8, 
7.7 Hz, H-8), 7.13 (1H, dd, J=8.2, 1.3 Hz, H- 
6),7.08 (1H, d, J=1.3 Hz, H-2), 6.97 (1H, d, 
J=8.2 Hz, H-5), 3.96 (ЗН, s, H-OMe); PC- 
NMR (CDCI, , 100 MHz): à, 193. 7 (C-9), 153.2 
(С-7), 148.9 (C-3) , 146.9 (C4) , 126.6 (C-1), 
126.3 (C-8), 124.0 (C-6), 114.9 (C-5), 109.4 
(С-2), 55.9 (OMe). (Sy et al., 1999). 


Summary In this paper, we report the isola- 
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tion and structural elucidation of 21 known com- 
pounds from the twigs of Pinus massoniana. Com- 
pounds 2-4, 6-8, 10, 11, 13 and 15-21 were iso- 
lated from this plant for the first time. Compounds 
12, 14, 18 and 21 were found to show antioxidant 
activities on DPPH assay with EC; values of 11.36, 
6. 76, 14. 07 апа 13. 33 pg * mL’, respectively. 
These antioxidant compounds from P. massoniana 
might provide us a new way to prevent severe disea- 
ses related oxidative stress, i.e., cancer, cardiovas- 


cular disease and diabetes. 
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